Fixation by a single screw is considered the current treatment of choice for a slipped capital femoral epiphysis. This approach promotes premature physeal closure. The use of a modified, standard, single, cannulated screw designed to maintain epiphyseal fixation without causing premature closure of the physis was reviewed in ten patients. The nine boys and one girl aged between 10.6 and 12.6 years with unilateral slipped capital femoral epiphysis (SCFE), were markedly skeletally immature (Tanner stage I, bone age 10 to 12.6 years).
The aims of mechanical fixation for slipped capital femoral epiphysis (SCFE) are restoration of stability and prevention of further slipping. Avascular necrosis and chondrolysis should be avoided. The method should allow remodelling of the femoral head and neck to prevent the onset of premature degenerative joint disease. Among the many methods of treatment proposed, epiphyseal stabilisation by fixation with a single screw has become the most popular. [1] [2] [3] A single screw, 4, 5 when correctly inserted, provides adequate epiphyseal stability and prevents the femoral physis from growing away from the fixation. 6 The single screw decreases the volume occupied by metal within the epiphysis and avoids insertion into quadrants prone to cause avascular necrosis. 7, 8 It may also facilitate proximal femoral remodelling in mild and moderate disease. 2, 6, 9, 10 Deliberate closure of the proximal femoral physis in most cases of SCFE would not be expected to cause significant retardation of growth since the adolescents involved are near skeletal maturity. 2, 11 The single screw technique can present problems when used in the more skeletally immature patient. The traditional screw does not avoid proximal femoral growth problems, [12] [13] [14] [15] which can lead to functional disabilities from premature proximal physeal arrest 11, 13, 14 and limitation of epiphyseal and metaphyseal remodelling. 6, [16] [17] [18] The use of a single modified screw was assessed to see if complications could be avoided in a group of patients with a unilateral SCFE who were markedly skeletally immature at the time of treatment. Metaphyseal, physeal and epiphyseal growth and remodelling were studied on radiographs and any evidence of avascular necrosis and chondrolysis noted. The clinical outcome was reviewed.
Patients and Methods
The clinical and radiological records of all patients treated for a SCFE between 1993 and 2000 were reviewed in order to identify markedly skeletally immature patients. Inclusion criteria for this study were: 1) unilateral mild (<30˚) or moderate (30˚ to 50˚) SCFE; 19 2) a predicted femoral neck growth of >1.5 mm according to the patient's bone age, 20 pubertal level 21 and expected leg growth; 22, 23 3) a complete set of radiographs available for review from treatment to proximal femoral physeal closure; and 4) follow-up of more than 36 months.
Pre-operative assessment included clinical and radiological classification of the SCFE in terms of severity (mild/moderate), type (stable/ unstable) and growth remaining. The pre-and post-operative head-neck slip angles were measured on anteroposterior (AP) and lateral radiographs taken at a standard 100 cm beam distance. 24 Any change of 5˚ or more was considered significant. 25 A negative value was considered a decrease and a positive value an increase in slip angle.
Epiphyseal-physeal growth was assessed by measurements of articulotrochanteric distance, trochantertrochanter distance, centre of lesser trochanter to articular surface distance, centrocalcar distance, neck length and neck width. Neck length was measured from the physis to the lateral femoral cortex of the trochanter on the central long axis of the femur, and width was measured from the central femoral neck axis to the physis (Fig. 1) .
The time to closure of the proximal femoral epiphysis of the involved and uninvolved sides following surgery was assessed. The physis was considered closed when at least 50% closure was seen on AP and lateral radiographs. 25 Closure of the acetabular triradiate cartilage was also reviewed.
All measurements were independently determined by two observers (VG and FF) and inter-observer correlations evaluated by a paired t-test. Student's paired t-test was used to compare all measurements of normal and involved sides from the beginning of treatment to proximal femoral physeal closure. A p value of 0.05 was considered significant.
Clinical assessment of the hip was made using the modification by Zahrawi et al 15 of the classification of Heyman and Herndon 26 in which an excellent result has a normal range of hip movement, no limp, no pain and leg shortening of <5 mm. A good result has slight limitation of internal rotation, occasional pain and leg shortening of <5 mm. A fair result has persistent mild pain, loss of internal rotation and abduction and leg shortening of >1 cm. A poor result does not meet any of the above criteria. Operative technique. Surgery was carried out under fluoroscopic control. Spontaneous reduction occurred in the unstable slips. 18, 27 A modified cannulated screw 90 to 120 mm long with a smooth 5 mm diameter shank and 9 mm screw head was used. The modified AO cannulated screw (HIT-MEDICA, Rimini, Italy) had a distal segment with the original six threads reduced to three which were 9 mm long and 6.4 mm in diameter. The screw was inserted over a guide wire after pre-drilling. The threaded portion of the screw was placed entirely within the epiphysis with the smooth shank through the physis, femoral neck and lateral femoral cortex. The screw head was allowed to remain 2 to 3 cm lateral to the lateral femoral cortex. This distance was based on the predicted growth of the proximal femur plus a few additional millimetres to facilitate removal over a guide wire if necessary. 23 The position of the screw in the central quadrant of the femoral epiphysis was confirmed by multiple fluoroscopic views. The screw tip was positioned more than 2.5 mm from the epiphyseal subchondral bone. After insertion of the screw, the hip was taken through a full range of movement with multiple fluoroscopic views to check the final position.
Post-operatively, patients with a stable SCFE were allowed to weight-bear as tolerated. Those with an unstable SCFE used crutches with partial weight-bearing for four weeks.
Results
Ten patients, nine boys and one girl, with a mean age of 11.5 years (10.6 to 12.6) and a unilateral SCFE, were reviewed (Table I ). There were six stable and four unstable. All were Tanner stage I. 21 The mean bone age was 11.8 years (10 to 12.6), and the mean follow-up was 44.3 months (36 to 76). Mean time to proximal femoral physeal closure (50% on AP and lateral radiographs) was 35.2 months on the involved side and 37.3 months on the uninvolved side (p = 0.02) (Table II) . Complete closure of the tri-radiate cartilage occurred approximately 12 months prior to proximal femoral physeal closure.
No SCFE was noted on the contralateral side in this group. Three patients in the original cohort were excluded from the study when they developed SCFE of the contralateral hip which made comparative measurements impossible. There was no evidence of avascular necrosis or chondrolysis. The time from presentation to surgery for those with an unstable slip was within 12 hours in two children who underwent spontaneous reduction for slips of >30˚ (cases 8, 10). In two other children with unstable slips (cases 2, 3) which were not repositioned, the slip was <30å nd the time from presentation to surgery was 12 and 24 hours. Eight of ten patients showed a change of the angle of slip of >5˚ at follow-up, compared to their immediate postoperative values, indicating metaphyseal recovery and remodelling (Table III) . 17, 25 Radiological growth comparisons at the time of treatment and final follow-up after physeal closure a) for the slipped side and b) for the asymptomatic side. ATD, articulotrochanteric distance; TTD, trochanter-trochanter distance; LTA, centre of trochanter to articular surface distance; CCD, centrocalcar distance; LE, femoral neck length; W, femoral neck width.
As shown in Figure 2 , at the onset of treatment there was a statistically significant difference between the normal and affected side relative to femoral neck length (p = 0.01), articulotrochanteric distance (p = 0.005), centre of lesser trochanter to articular surface distance (p = 0.02), and centrocalcar distance (p = 0.03). No significant difference could be detected in neck width (p = 0.2) and trochanter-trochanter distance (p = 0.2). At presentation, the side with the slip had a shorter 'neck' length, mainly due to the slip itself in measurement of articulotrochanteric distance and centre of lesser trochanter to articular surface distance. It was not due to changes in the measurement of either the centrocalcar distance or the length of the neck.
At final follow-up, both the affected and unaffected femoral necks had continued to grow (Fig. 3) . The only statistically significant differences were detected in neck width (p = 0.005), neck length (p = 0.07), articulotrochanteric distance (p = 0.04) and centrocalcar distance (p = 0.03). As shown in Figure 2 , no significant difference was seen in centre of lesser trochanter to articular surface distance (p = 0.1) and trochanter-trochanter distance (p = 0.9). The differential relationships between the normal and the affected side showed no statistically significant difference between measurements at the onset of treatment and at those at final follow-up (Fig. 3) .
As growth of the femoral neck progressed, the screw advanced into the femoral neck from the lateral femoral cortex, closing the gap between the lateral femoral cortex and the screw head (Fig. 4) .
The clinical results in all patients were rated as excellent and all resumed full activity within three to four months of surgery and have remained fully active (Table III) .
Discussion
A single modified cannulated screw was used to treat unilateral SCFE in markedly skeletally immature patients and achieved epiphyseal stability. Premature proximal femoral physeal closure was prevented and the potential complications of avascular necrosis and chondrolysis avoided. The screw allowed continued growth of the femoral neck and epiphyseal/physeal complex and remodelling of the epiphysis and metaphysis. 17 Other types of fixation which allow continued physeal growth have been proposed. 12, 13, 28 In our series, we did not observe zones of radiolucency or sclerosis in the femoral neck in response to movement of the fixation device between the neck and epiphysis. 13 We did not see a 'growing away' of the epiphysis from the fixation as reported by authors using other implants. 11, 29 None of our patients developed loosening of the screw at the lateral femoral cortex or symptomatic bursitis at the screw head. We feel that these complications were avoided by the progressive reduction of protrusion of the screw as growth occurs and the rounded screw head in contrast to the shape of the vonBar screw 4 or Lars Ingvar Hansson hook pin. 13 The radiological data showed that, in these younger patients, this single modified cannulated screw provided stability and allowed improvement of the pathological epiphyseal/physeal and metaphyseal morphology by remodelling 17 due to continued physeal growth. 16 By reviewing strictly unilaterally involved patients we were able to compare proximal femoral growth and development in the affected and unaffected side. At the time of surgery, radiological measurements demonstrated a statistically significant (p = 0.01) delay in longitudinal femoral neck growth on the involved side. The degree of alteration of the endochondral ossification, that will still allow substantial growth and remodelling, is unknown. In our series, once the epiphysis was stabilised by screw fixation, the physis grew in a similar way to the opposite side. 2 The physeal survival was longer (up to 48 months) in our immature patients than that reported in a more mature population (9 to 18 months). Radiological growth comparisons between the slipped and asymptomatic sides at the time of treatment and final follow-up after physeal closure. Figure 3a - The relationship for the width of the neck, length of the neck, the articulo-trochanteric distance (ATD) and the centre of lesser trochanter (LTA). We feel that the change in the angle of slip with reference to the neck occurs from differential remodelling and growth of the neck (medial > lateral; posterior > anterior) once stabilisation has occured. 30 This process is not unlike that seen following distal radial physeal fractures and subsequent remodelling.
The biological mechanism by which physeal pathological changes in SCFE can be reversed after stabilisation of the epiphysis is not known at present.
